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I. INTRODUCTION the SPECT projection data [1], along with the covariance ma-
trix for the coefficients [2].

RTlFACTS can result when r_econstr_uctlng a dynaml_c Denoting the projection of the:" spatial basis function along
image sequence from inconsistent single photon emiss i at anglej by u, and the integral of thex" tempo-

: > . m

son st gy SPECT proetons s b . o i e il ot an
; 7 X o @8] of rotationk by v, the projection equations can be ex-

netic parameters estimated from time-activity curves genera [PELA.

by overlaying volumes of interest on the images. To overcorREESSed aiji = 3,1 D_,—1 Gmnjjvjy,, Where thep,;; are

these biases in conventional image based dynamic data analjf,modeled projections, the,,,, are linear coefficients, and

we have been investigating the estimation of time-activity curvéé, IV are the numbers of spatial and temporal basis func-

and kinetic model parameters directly from dynamic SPECIPNS, respectively. The coefficients,,, are varied to find the

projection data by modeling the spatial and temporal distrib\ﬁaluesaﬂ}n tha}{ minimize the sum of squares functigl =

tion of the radiopharmaceutical throughout the projected fieldi—1 2_j—1 2_r—1 (Pj; — Pijr)?, where thepy;, are the mea-

of view. sured projections] is the number of projection rays per angle,

In previous work we developed computationally efficient IS the number of angles per rotation, akids the number of
methods for fully four-dimensional (4-D) direct estimation of0tations. _ o
spatiotemporal distributions [1] and their statistical uncertain- The mtegrall of the time-activity curve model fpr volume of
ties [2] from dynamic SPECT projection data, using a Spatig]terestm, during the time interval associated with anglef
segmentation and temporal B-splines. In addition, we studieiationk, can be expressed 35, @, v7,. Thus, given the
the bias that results from modeling various orders of tempof@variance matrix for the spatiotemporal basis function coeffi-
continuity and using various time samplings [1]. In the presefi€NtSam.», it can be shown that the variance of each time inte-
work, we use the methods developed in [1, 2] and Monte Ca#6a! is
simulations to study the effects of the temporal modeling on the N N
statistical variability of the reconstructed distributions. 9 n N R '

Ojkm = Z Z Uik COM(@mn, Amn) Vjk- 1)
[l. FAST COMPUTATION OF STATISTICAL UNCERTAINTY et

) . - . i . Methods for quickly estimating the covariance matrix for the
Time-varying activity concentrations within volumes of in-

. ) . . oefficients were presented, benchmarked, and validated in [2].
terest encompassing the projected SPECT field of view CancbeAs a figure of merit related to the global precision of the time-

modeled by selecting a set of temporal basis functions Capabl%?{ivity curve model for volume of interest, the following

representing typical time variations and having desired smooth- . . . . )
! - : ; - expression yields a squared noise-to-signal ratio (NSR) calcu-
ness properties. Similarly, the spatially nonuniform activity con

. L . . I%ted as the mean (over all of the time intervals) of the expected
centration within a particular volume of interest can be modele . .
values of the squared errors between the integrated intervals of

by selecting an appropriate set of spatial basis functions. Given .., d modeled lized by th

a set of temporal basis functions and sets of spatial basis futnce— true and modeted curves, normalze y the mean square
. . . .“value of the integrated intervals of the “true” curve:

tions for the volumes of interest, coefficients for the resulting

spatiotemporal basis functions can be estimated directly from J K 9
2 Zj:l Zk:l ijm (2)
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cubic B-spline quadratic B-spline linear B-spline constant B-spline

' = Z}-]:1 Z,ff:l vj”kv]",;, and exploiting the symmetry with K = 15 revolutions. The amplitude of the blood input function

respect to the indices andn’: was adjusted so that about 10 million total events were detected.
Simulated spatial distributions were obtained using the Math-
€ = ij:l Ziv/:l COM @ s G V™™ 3) ematical qudiac Torso (MCAT) phantom [4]_. The emission
m = N N . . VR phantom (Fig. 3) was composed of 128 contiguous 1.75 mm-
anl Zn’=1 AmnGmn'V

thick slices and contained the blood pool, three myocardial tis-
sue volumes of interest (hormal myocardium, septal defect, and
lateral defect), liver, and background tissue. The projection bins

To study the statistical variability that results from modelingrere 7 mmx 7 mm at the detector, and the cone beam geometry
various orders of temporal continuity and using various tinresulted in data truncation (Fig. 3). Projections were attenuated
samplings, 1000 realizations of cone beam projection data haging the corresponding MCAT attenuation phantom. Attenu-
ing Poisson noise were generated for each of 24 sets of tempat&in and geometric point response were modeled using a ray-
basis functions. Each set of temporal basis functions consistitiven projector with line length weighting [5]. Scatter was not
of N = 16 splines spanning 15 time segments having geometodeled. The spatial basis functions were based on the known
rically increasing length (Fig. 1). Piecewise cubic, quadratisegmentation of the MCAT phantom. Each volume of interest
linear, or constant B-splines were used with initial time segmewas modeled to contain spatially uniform activity, which yielded
lengths of 2.5, 5, 10, 20, 40, or 60 sec. M = 6 spatial basis functions.

The simulated time-activity curves (Fig. 2) mimicked the ki- Fig. 4 shows the simulation results for the blood pool and
netics of teboroxime [3]. The simulated 15 min data acquidihiree myocardial tissue volumes. For each temporal basis set
tion consisted of = 2048 cone beam projection rays per angland volume of interest, there was close agreement between the
(64 transversex 32 axial),J = 120 angles per revolution, and sample mean of the estimated NgR,, and the observed NSR,

IIl. COMPUTERSIMULATIONS
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which was calculated as described in the caption for Fig. 4. The DISCLAIMER
effect of the polynomial order of the splines on the NSR was reI--l-his document was prepared as an account of work sponsored
atively small, while the effect of the ti'me sampling was largef, the United States Government. While this document is be-
The NSR tended to decrease as the time sampling became rqé(féd to contain correct information, neither the United States
uniform (e.g., for initial t_|me segment lengths of_40 or 60 S€C overnment nor any agency thereof, nor The Regents of the
However, the decrease in NSR was offset by an increase in biggjersity of California, nor any of their employees, makes any
vv_hlch was calculated as described in the capﬂon_fo_r_ Fig. 4. T{R/?;\rranty, express or implied, or assumes any legal responsibil-
bias increased because these basis sets haq mmal samplilp r the accuracy, completeness, or usefulness of any infor-
that were too long to accurately model the beginning of the aGii0n apparatus, product, or process disclosed, or represents
quisition, yvhen the activity concentrations were changing Mgt its yse would not infringe privately owned rights. Refer-
rapidly (Fig. 2). The bias also tended to increase as the Pojsee herein to any specific commercial product, process, or ser-
nomial order of the splines decreased. Overall, the best resyjts, by its trade name, trademark, manufacturer, or otherwise,
were obtained with cubic or quadratic splines having initial timaeOes not necessarily constitute or imply its endorsement, rec-
samplings of 10 sec or less. Similar findings were obtained {9, mandation, or favoring by the United States Government or
the liver and background tissue volumes. any agency thereof, or The Regents of the University of Cali-
fornia. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Gov-
The simulation results suggest that there is benefit in modgihment or any agency thereof, or The Regents of the University
ing higher orders of temporal continuity, when estimating spgf california.
tiotemporal distributions directly from dynamic SPECT projec- grnest Orlando Lawrence Berkeley National Laboratory is an
tions. In addition, the accuracy of the time modeling can t«%ual opportunity employer.
increased substantially without unduly increasing the statistica
uncertainty, by using relatively rapid initial time sampling.
Future work includes a study of the effects of the B-spline
order and initial time sampling on nonlinear weighted least
squares estimates of compartmental model kinetic parameters
obtained from the time-activity curve models.

IV. DISCUSSION
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